(From the Hospital of the Rockefeller Institute for Medical Research, New York) (Received for publication April 1, 1927) The first description of the capillary pulse was given in 1868 by Quincke (1) who observed it in a number of different conditions but stated that it was most manifest in cases of aortic insufficiency. He thought that the mechanism involved was a true pulsation in the capillaries, that is to say, a pulsatile movement in the capillaries resulting from cardiac systole. The phenomenon has come to be commonly recognized in clinical medicine and until recently it was assumed that it was due to actual pulsation in the capillaries. Since it has been shown, however, that the capillaries can be viewed microscopically the mechanism involved has been studied by several investigators but no agreement has been reached as to its nature. In conditions in which a capillary pulse is present there is apt to be a pulsatile movement of the whole part examined due to the heart beat, and as this takes place at the precise moment when the changes for which one is looking would take place, the greatest care must be observed in carrying out the observations so that in consequence of the motion involved the capillaries do not slip out of focus.
Before the advent of capillary microscopy Herz (2) expressed doubt as to whether pulsation took place in the capillaries and thought rather that it did so in the arterioles. As the result of his microscopic observations of the skin capillaries Jiirgensen (3) differentiated two groups of cases; one with a true capillary pulse in which there was an actual pulsation of the stream within the capillaries and the other with a pseudo-capillary pulse in which there was no pulsation of the stream. In the latter the impression of pulsation was given to the capillaries of the superficial layers by pulsation transmitted to them by the pulse of deeper lying vessels such as the digital arteries and arterioles. The former he thought was most often present in aortic insufficiency and the latter was seen in many cases of arteriosclerosis. Freedlander and Lenhart (4) as the result of their studies arrived at similar conclusions. Weiss and Dieter (5) described a pulsatile flow in the capillaries in aortic disease while Secher (6), Fischl (7) and HisingerJagerskicld (8) came to the conclusion that the phenomenon was not due to pulsation of the blood stream within the capillaries. Secher saw pulsation in the capillaries in a few cases of his series but HisingerJagerskiold only observed it in one of his. Boas (9) studied the capillaries of the nail fold in cases of aortic insufficiency and hypertension and came to the conclusion that the capillary pulse was not a manifestation of pulsation of the capillaries but was due to an exaggerated pulsation of the arterioles and possibly of the venules of the sub-papillary plexus. Sumbal (10) investigated the capillaries of the lip in cases of aortic regurgitation and stated that pulsation could be seen in every case in the capillaries in which the flow was not too rapid. As the result of Sumbal's work Boas (11) reinvestigated the subject and studied the capillaries in various situations.
He was able to demonstrate actual pulsation in the capillaries in some patients with aortic insufficiency but he did not think it was present with sufficient constancy or intensity to warrant adopting it as the explanation of clinical capillary pulsation. Lewis (12) has more recently carried out an extensive study of the question. He regarded macroscopic capillary pulsation as a physiological phenomenon which can readily be induced in normal individuals by heating the part examined and thus causing dilatation of the arterioles. He stated that anything which induces arteriolar dilatation will bring about pulsatile flow in the capillaries. He never failed to observe pulsation in the capillaries of any area in which pulsation of color was visible to the naked eye and in which the blood flow in a reasonable number of capillaries could be detected. He thinks that every case, regardless of etiology, in which clinical capillary pulsation, that is to say a change of color, is evident, shows pulsation in the capillaries due to dilatation of the arterioles. When macroscopic pulsation is observable the pulse passes from the arterioles through the capillaries to the venules and the pulsation of these plays a greater or lesser part in the color changes observed according to the situation examined. Heimberger (13) found in normal individuals that mechanical irritation of the arterial limb of the capillary or the local application of drugs which dilate them causes pulsation to appear. Pulsation also resulted from light pressure on the venous limb or from heat. He concluded that in normal individuals the pulse wave was most often lost in the arterial limb of the capillaries and could be seen throughout the whole capillary only when the tone of the arterial limb was reduced. To summarize these statements one may say that two views are held as to the main cause of "capillary pulsation" observed in cases of aortic insuffigiency: (a) that it is due to pulsation of the blood stream within the capillaries and (b) that it is due to an exaggerated pulsation in the larger vessels which lie deeper.
The results to be reported are based on the study of twelve cases of aortic insufficiency in which there was well marked macroscopic capillary pulsation. Seven of these were of rheumatic origin, four of syphilitic and one was due to subacute bacterial endocarditis. None of the cases showed marked signs of cardiac decompensation. Cinematographic records of the capillaries at the nail fold and electrocardiograms (Lead II) were made simultaneouslyr Synchronous points were recorded on the cinematographic film and electrocardiograms by means of signals which were operated by a common switch. By this means it was possible to calculate the precise phase of the particular cardiac cycle to which each cinematographic photograph corresponded. The details of the technique of making the cinematographic exposures and the methods employed in their study have been previously described (14, 15) . OBSERVATIONS Changes in calibre. The average size of both the arterial and venous limbs was similar to that seen in normal subjects. Variations in the diameter took place continuously. The extent of these changes varied from capillary to capillary in the same subject and also from subject to subject. The magnitude of the variations in calibre was greater in the arterial limb in many instances than had been observed in normal individuals ( fig. 1) Evidences of pulsation due to the heart beat. The chief interest in this investigation consists in the study of the relation of the changes in the capillaries to the pulse beat, to see whether the capillaries show rhythmic changes in diameter such as would take place if a pulsatory flow of blood were present in the capillaries themselves. Changes took place constantly in both limbs of the capillary loops but as a rule were more marked in the arterial limb. These were, however, totally irregular and showed no rhythmicity such as one would expect if they were due to pulsation of the blood stream in the capillary ( fig. 1) . If the mechanism involved were of a pulsatory nature there ought to be a constant time relation between the onset of ventricular systole-taken as the beginning of the R-wave of the electrocardio- Synchronous points were ascertained by the technique described in figure 1 . Underneath the electrocardiogram are drawings of the visible portion of the arterial limb of the same capillary in all the exposures taken when this electrocardiogram was made. Each drawing is actually synchronous with the point in the electrocardiogram immediately above it without allowance for the probable transmission time.
The number of cinematographic exposures was 10 per second. The drawings were made from tracings which magnified the size of the capillary 350 times. The decimal numbers indicate the time in seconds after the onset of ventricular systole in each cycle at which blood was visible in the greatest length of the arterial limb.
time after the onset of ventricular systole. This time should correspond with that at which the heart beat produced its maximum effect in the periphery. The changes seen, however, did not fulfill these ex:pectations ( fig. 2, table 2 ). The time in seconds after the onset of ventricular systole at which the greatest length of the arterial limb was visible differed in the cycles illustrated in figure 2 from 0.17 to 0.73 second and in those shown in. table 2 from 0.01 to 0.83 second. In some cycles the arterial limb was longest at the time one would expect cardiac systole to pump more blood into the capillaries, but in others this occurred at a later period, and in a few just before the onset of the next ventricular contraction. In many instances marked. irregularity was seen during an individual cycle. The type of variation is well illustrated in figure 2 . In cycle I the length of the arterial limb was short at the beginning. It becane longer, shortened again, and was longest immediately before the next ventricular complex.. TABLE 2 The time in seconds after the onset of the corresponding ventricular systoe (1) at which the maximum diameter of the arterial and venous limbs occurred, and (2) Blood flow. The capillaries at the nail fold were studied by inspection over prolonged periods of time. In this condition the difficulty of keeping the capillaries under observation which has been described by previous authors is especially great as the finger usually moves with every pulse beat. By careful fixation of the finger the extent of this movement can be reduced to a minimum but even then it is necessary to focus very carefully all the time in order to see the flow clearly. Variations in flow took place continuously in the various 4apillaries. In the greater number these changes bore no relation to the pulse beat and resembled those seen in normal individuals.
In a few, changes in the rate of flow were present for a short time which suggested pulsation but it was impossible to be sure that this was the mechanism involved.
SUMMARY AND DISCUSSION
These studies show that the diameter of the capillaries in cases of aortic insufficiency was constantly changing. The various capillaries differed in this respect and no two subjects were alike. The blood flow also was very variable. The type of change observed resembled that seen in normal individuals. In several instances the magnitude of the variations in the arterial limb was greater than was seen in normal subjects and in patients with heart disease without cardiac decompensation. The changes in the venous limb resembled those in normal subjects. The mechanism of the production of these changes is uncertain. The possible factors have been discussed in a previous paper (14) . No evidence was found o'' pulsation in the capillaries of the nail fold although macroscopic pulsation was present in the vessels under the nail and in those behind the nail fold. The site chosen for observation is not the most suitable for displaying the phenomenon but is the only one at present available with our technique. It is possible that pulsation might be seen in the capillaries in a more favorable situation. CONCLUSIONS 1. The calibre of the arterial and venous limbs of the capillaries a-t the nail fold has been investigated by means of cinematography in 12 cases of aortic insufficiency in which macroscopic capillary pulsation was present. Simultaneous electrocardiograms were made so that the relation of the capillary changes to the heart beat could be studied.
2. Variations in the diameter of the arterial and venous limbs took place continuously. The changes in the arterial limb in some subjects were more marked than those seen in normal individuals but the changes in the venous limb as a rule were not so marked as in the arterial and resembled those seen in the normal. 3. No evidence was present to indicate that pulsation due to the heart beat was present in the capillaries examined.
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